A special-purpose testing device for bearing preload was developed. The relationship between preload and system natural frequency was researched with the test rig. The test data of bearing preload changing with system natural frequency was fitted. The results show that the preload test rig has reflected the bearing pre-tight characteristic to some extent. The system natural frequency increases with the increasing bearing preload. In case of the same bearing preload, the system natural frequency increases with the increase in the bearing span. The precision of the fitted relationship formula of preload-natural frequency-bearing span is higher.
Introduction
By a long period of experiment research, a lot of experiences have been accumulated in determining the bearing preload, some effective methods have also been found to determine the optimum preload [1, 2] . However, these methods can be obtained either from a theoretical determination or actually measurement of the preload, which has great labor intensity and is easily influenced by subjective factors, the accuracy and efficiency [3] [4] [5] . For special occasions of high precision or limited operating space, the traditional method can not meet the requirement [6] . Therefore, in order to obtain the actual bearing preload, a new method to determine the preload must be found. The paper discards the traditional preload testing concept, studies the relationship between the bearing preload and the natural frequency of the system, and determines the actual bearing preload according to the natural frequency. The method can not only improve the testing accuracy and efficiency, but also greatly reduces the labor intensity.
Test principle
The research theory of this paper comes from the relationship between the bearing preload and the support stiffness, and the relationship between the stiffness and the natural frequency. Because the bearing stiffness can be changed with preload, and the bearing stiffness impacts on the system natural frequency, the establishment of relationship between preload , bearing stiffness and natural frequency can be carried out. In this paper, taking an angular contact ball bearing for example, a testing system was established, which can study the relationship between preload and system natural frequency as well as the influence of bearing support span on system natural frequency.
Angular contact ball bearing is used in the test, the corresponding parameters are as following: Rolling element diameter Dw: 9.525 mm Number of rolling elements Z: 12 Contact angle α: 25°T
esting system
The testing system is made up of bearing support system, loading equipment, data acquisition and analysis system, mathematical software analysis system. Angular contact ball bearing 7206AC is preloaded by loading equipment. By means of force sensor system, data is collected and the monitoring results are showed. The test results between preload and system natural frequency can be obtained by knocking with LC02A force hammer, picking array with accelerating sensor, data sampling and analyzing with YE6261B dynamic data testing and collecting system. The testing sketch is shown in Fig 1. The bearing support system is the important part of the test system, which makes up the typical preload testing equipment together with the loading system to load and output signals. Data collecting system is made up of sensor which can transmit data to the computer. Computer data processing and result display system is used to process the received signal and show the results directly. The last work is data analyzing and curve fitting.
The design of the testing equipment is based on the bearing location in engineering and the actual bearing working condition. In general, angular contact bearing has two installing methods, one of them is face to face installation, the other is back to back installation. The installation of a pair of bearings in the testing system is face to face installation, which is shown in Fig 2. The testing system includes table base 1, working table 2, the test shaft 3 and loading and testing components etc. The external force is applied on the outer ring of the bearing 8 on the right through the gland 7, it can be transmitted to the inner ring of the bearing 8 on the left by the rolling element,the inner ring of the bearing on the right and the test shaft 3. Finally, the force can be transmitted to the housing 9 by the rolling element, the inner ring, outer ring of the bearing on the left, gland 10 and screw 11. The loading equipment 6 is fixed on the side of the bearing. 
Experiment
Determination of actual bearing preload is an assurance of support system precision of the bearings which is used in high precision, or special occasion. With the same support span, the relationship between bearing preload and system natural frequency can be indicated by the monitoring in the test, which can be the basis of new theory.
In the paper, testing system of preload and natural frequency makes use of bearing preload testing equipment to investigate. The test include 3 spans, which are respectively 95mm,75mm and 55mm. The test data and analysis are respectively preload (N) and natural frequency (Hz). At last the results of relationship between preload and natural frequency has been obtained. Considered with support span, by means of professional software, the functional relationship between preload, natural frequency and support span can be discovered.
Test results and analysis
According to the structural characteristics of the test device, testing can be divided into three groups A, B, C, the bearing span were 95mm, 75mm, 55 mm. Besides support span, other parameters approximately remained the same. Statistics and fitting analysis. In the experiment, the test system can acquire the relation curve of bearing preload versus the natural frequency under 3 spans, as shown in Figure 4 .
The regression analysis can be carried out with Maikuate method. Then, the relationship between preload, natural frequency and span can be achieved as following: The formula reflects the relationship between preload, natural frequency and span. The total correlation coefficient R is 0.99084. The relationship between them are shown in Figure 5 . Results comparison. Table 1, Table 2 and Table 3 display respectively the comparison results of the calculated values with the experimental data under different support span 95mm, 75mm and 55 mm. From the experiment it can be seen that at the same support span, natural frequency increases with the increase in bearing preload, at the same preload, natural frequency increases with the increasing support span. It can be seen from Table 1 that the maximum error betweeen calculated value and experimental value is approximately 2.7% and the minimum error is 0.6%. From Table 2 it can be seen that the maximum error betweeen calculated value and experimental value is approximately 5.2% and the minimum error is 0.4%. From Table 3 it can be seen that the maximum error betweeen calculated value and experimental value is approximately 5.6% and the minimum error is 0.004%. 
Conclusions
A test equipment of bearing preload -the natural frequency has been indigenously developed. Test performance is stable and test data are reliable. A new test method was presented for actual bearing preload measurement, namely making use of the natural frequency of the test system to investigate the bearing preload. The natural frequency increases with the increasing bearing preload at the same bearing support system. At the same preload, the natural frequency of the system increases with the increasing bearing span. Bearing preload magnitude can be determined with the fitting results between preload-natural frequency-bearing span relation. The error between test preload value and the calculated value is less than 5.6%.
